This study describes the mechanical properties and antibacterial activity of celluloses and their composites. The cellulose was prepared from coconut water fermented by Acetobacter xylinum. Cellulose was composited with chitosan and glycerol by immersion method and the addition of silver nanoparticles. Preparation of silver nanoparticles performed by chemical reduction of silver nitrate solution and polyvinyl alcohol as a stabilizer. UV-Vis spectroscopy was used to determine the formation of silver nanoparticles. Characterization of composites included observation of physical properties, mechanical properties, as well as antibacterial tests against S. aureus, E. coli, and C. albicans. The addition of glycerol can increase elongation at break of composites. The addition of glycerol and chitosan can decrease elongation at break and strength of the composites. The composite of cellulose -glycerol -chitosan -silver nanoparticles shows the highest antimicrobial activity against S. aureus on 24 h of incubation, whereas composite of cellulose -glycerol -silver nanoparticles shows the highest antimicrobial activity against E. coli and C. albicans.
INTRODUCTION
C e l l u l o s e i s a n u n b r a n c h e d homopolysaccharide, elastic fibres, and insoluble in water. The cellulose is found in the protective cell wall, especially in the stems, branches and all woody parts of plant tissue, besides cellulose can be made with the help of Acetobacter xylinum 1 . In a liquid medium containing carbohydrates, this bacterium will produce acids of vinegar and a white coating on the surface of liquid media called nata. water. The utilization of coconut water has not been done optimally. In line with the increasing human need to make use of coconut water into functional materials with better economic value. When viewed further, waste coconut water has nutrients that can still be utilized. Coconut water contains 95.50% of water, 0.28% of potassium, 2.80% of total sugar, 0.80% of reducing sugar and 0.62% of ash. Coconut water also contains sucrose and vitamins B complex including nicotinic acid, pantothenic acid, biotin, and folic acid. 2 These nutrients can be used for the growth of Acetobacter xylinum, especially carbon and nitrogen content. Acetobacter xylinum can break down the sugar component in the coconut water medium and is capable of forming a polysaccharide known as cellulose.
The Acetobacter xylinum is capable of forming a cellulose-forming coating layer that can reach a few centimetres thick. 3 Bacterial cellulose has the characteristic similar to human skin, so good for the treatment of burns on the human skin, especially in preventing infections caused by pathogenic microbes, but bacterial cellulose easily absorbs fluid (hygroscopic) so easily attacked by microbes. The bacterial cellulose can be modified by the addition of an ingredient into the culture medium to improve its antibacterial properties 3 . Modifications can be made through the addition of glycerol, chitosan, and silver nanoparticles. The addition of glycerol in the manufacture of bacterial cellulose in general aims to improve the mechanical properties of cellulose especially the elongation at break. 4, 5 Chitosan in the form of a solution and gel, can be used as bacteriostatic, fungistatic, and coating material. The superior properties of bacterial cellulose and chitosan can be a composite material that interacts between the chitosan molecule part (glucosamine unit and N-acetylglucosamine) in chitosan with the resulting cellulose chain. The combination of bacterial cellulose and chitosan can improve the antibacterial properties of cellulose. 6 Modification of composite of bacterial cellulose -glycerol -chitosan can be done by adding nanometer -sized silver. Silver in the form of nanoparticles can interact among cell molecules contained in small organisms such as in bacteria or yeasts through electrostatic interactions.
Silver has a wide spectrum of antimicrobial activity that exhibits low toxicity to mammalian cells. Silver nanoparticles are generally smaller than 100 nm and contain as much as 20-15,000 atoms of silver. The silver nanoparticle has physical, chemical and biological properties. 7 The antimicrobial activity of its silver and composite nanoparticles can be tested against Staphylococcus aureus and Escherichia coli, as well as Candida albicans yeast. Staphylococcus aureus is a major pathogen in humans. Almost everyone has experienced various S. aureus infections during their lifetime, such as food poisoning or mild skin infections, to incurable infections. 8 Candida albicans includes endogenous or exogenous yeasts that are generally present in water, soil, and air, may cause opportunistic mycosis. As many as 70% of candida infections in humans are caused by Candida albicans, the rest are caused by C. tropicalis, C. parapsilosis, C. guillermondii, C. kruzei. 8 Based on the background, it is necessary to make various modifications to the cellulose from coconut water in inhibiting the growth of Staphylococcus aureus, Esherichia coli, and Candida albicans yeast. Modifications were made by adding glycerol, chitosan, and silver nanoparticles. Characterization includes the physical properties of cellulose and its composites, and the test of physical, mechanical, and antibacterial activities. This study aims to prepare a coconut water-based cellulose composite, test the mechanical properties, as well as antibacterial activity of cellulose and its composites.
MATERIALS AND METHODS

Tools and materials
The tools used in the study include UV-Vis spectrophotometer (Shimadzu 1601, Japan), tensile tester, oven (CIKA), autoclave (ALP Co., Ltd. KT-40 model), Bunsen burner, magnetic stirrer, hot plate, digital camera, sliding wheel, petri dish, micropipette, scales, three-neck flask, reflux set, and other glassware. 
Preparation of cellulose and its composite
As much as 100 mL of wastewater of coconut is poured into Erlenmeyer which has been equipped with a magnetic stirrer, then added 10 grams of sugar and 0.5 g of urea, and stirred until dissolved. The mixture was acidified with the addition of 25% CH 3 COOH until pH = 4. The solution in the container was allowed to reach temperature 40 -60 0 C aseptically, then added 20 mL of Acetobacter xylinum. The culture was incubated for 7 days at room temperature. The formed layers were washed with aquadest to remove the residue of the culture medium. After purification of the pellicle by immersion in 3% of NaOH for 12 h by repeating 3 times the process to dissolve bacterial and pyrogenic cells, that bacterial cellulose samples were immersed in 3% of HCl solution to neutralize and washed again with aquadest. Furthermore, drying of bacterial cellulose samples at 70 -80 0 C for ± 120 min. to obtain cellulose product (C).
Furthermore, the composite of cellulose -glycerol (CG) was prepared by pouring 100 mL of waste water into Erlenmeyer then adding 10 g of sugar and 0.5 g of urea, and stirring until dissolved. The mixture was acidified by adding 25% of CH 3 COOH until pH = 4. Then 0.5 g (1.2 mL) of glycerol as a plasticizer, was added and stirred while heated. It was then poured hot in a sterilized and closed fermented container. The solution in the container was allowed to reach 40-60 °C aseptically, then 20 mL of Acetobacter xylinum was added. The culture was incubated for 12 days at room temperature. The formed layers were washed with aquabidest to remove the residue of the culture medium. After purification of the pellicle by immersion in 3% of NaOH for 12 h by repeating 3 times the process to dissolve bacterial and pyrogenic cells, the solution was then filtered to remove the dissolved material. After that the pellicle was soaked in 3% of HCl solution to neutralize and be washed again with aquadest. Furthermore, drying of the samples at 70 -80 0 C for ± 120 minutes.
Furthermore, the composite of cellulose -glycerol -chitosan (CGCh) was produced by immersing the CG composite in 2% of chitosan solution until the solution of chitosan was absorbed. Then the sample was washed with 500 mL of 1 M NaOH and aquadest to remove the remaining alkali and neutralize the sample. The sample is then dried at a temperature between 50-65 °C for 24 hours. The cellulose and its composite were characterized their physical and mechanical properties.
Preparation of silver nanoparticle
The silver nanoparticles were prepared by refluxing 100 mL of a 1 x 10 -3 M silver nitrate solution by streaming nitrogen gas at a temperature of less than 90 °C while stirring. Then add drops of sodium citrate at a temperature of about 80-90 °C to a pale yellow solution. The heating and gas flow of nitrogen was stopped while stirring was carried out until the room temperature reached. The resulting colloid was characterized by a UV-Vis spectrophotometer.
Application of silver nanoparticle to cellulose and its composite
The application of silver nanoparticles to cellulose, cellulose-glycerol composites, and cellulose -glycerol-chitosan composites was performed by introducing cellulose and its composite into colloidal silver nanoparticles until submerged and then shakered for 60 min. at 145 rpm. Table. 1 shows the variation of cellulose and its composite were prepared in this work
Test of antibacterial activity
The test microbes were cultured on NB media for Staphylococcus aureus and PDB media for Candida albicans for 24 h at 37 °C. The turbidity of test bacteria using a scale of turbidity (OD) of 1 or Brown III is 108 CFU/mL. As much as 15 mL of NA medium with a temperature of ± 50 0 C was poured into petridish. After the media solidified, the Staphylococcus aureus was poured and flattened in a way evenly applied. Then a cellulose sample was planted on prepared media and incubated for 2 x 24 hours at 37 °C. Clear zones indicated a growth barrier of microorganisms by antimicrobial agents on the surface of the agar medium. 9 As much as 15 mL of PDA media with temperature ± 50 0 C was poured into a petridish. After the media solidified, the Candida albicans was poured and flattened in an evenly applied manner and the samples were planted in a prepared media and incubated for 2 x 24 h at 37 °C.The diameter of inhibition zone was measured by 3 times at different positions, the measurement was taken perpendicularly from the three zones of the clear zone side through the sample diameter. Data of inhibition zone was analyzed using a statistic analysis One Way ANOVA with significance level (P <0.05). If there was a difference, then proceed with an analysis of Duncan Multi-Range Test (DMRT).
RESULTS AND DISCUSSION
Physical proper ties of cellulose and its composite
The physical properties of cellulose and its composites are shown in Table. 2. The addition of glycerol and chitosan to cellulose causes a decrease in the resultant wet mass of the composite, indicating that the addition of glycerol and chitosan affects the formation of the pellicle. Glycerol has hydrophilic properties so that the water content in the CG sample increases and the resulting water content becomes high. Decreasing of wet mass of composites due to addition of glycerol and chitosan, this suggests the possibility of interaction between the -OH group of the cellulose with -NH group of the chitosan and -OH group of the glycerol producing a lower-mass molecule. The CGCh composite has a higher dry yield than C and CG. The cellulose is a very hygroscopic material and attracts water through hydrogen interactions. 10 This is consistent with the results in the C and CG groups having a smaller dry mass than CGCh. The event can be explained because the added chitosan is able to enter the cellulose pores and coat the cellulose surface so that the water in the environment can not enter. Observation of other physical properties of colour change occurs in CGCh, this is influenced by chitosan added has a brownish-yellow colour and has a strong acid odour. Based on the physical properties of cellulose samples and their variations, it can be seen that all samples are transparent. Organoleptic observation of color changes in CGCh, the addition of chitosan, causing the color to be brownish-yellow, it is because chitosan has a brownish yellow color when dissolved in acetic acid and can cause acid odor. Figure 1 shows the UV-Vis spectrum of the of silver nanoparticles. The silver nanoparticles successfully prepared from AgNO 3 are shown by an absorption peak of 0.954 at a wavelength of 421.80 nm. The size of the established silver nanoparticles can be predicted based on the λmax value, the larger the particle size of the silver, the absorption peak will shift towards a larger wavelength in the 395-450 nm range and the wider peak. These results indicate that the preparation of silver nanoparticles is perfect. Based on the results of the nanoparticle , it was demonstrated that the silver nanoparticles were produced by the reduction of silver nitrate solution with a particle size of 60-80 nm.
Characteristic of silver nanoparticle
Mechanical properties of cellulose and its composites
The mechanical properties of the cellulose and composite samples after addition of the silver nanoparticles are shown in Table 3 . The addition of glycerol to cellulose enhances the extent of cellulosic breakdown. The addition of glycerol to increase the number of oxygen atoms that have free electron pairs leads to increased flexibility of the group, the ability of the polymer undergoes an increasing extension. 10, 12 Glycerol acts as an internal plasticizer that can increase the elongation at break of the polymer. 13 The decrease in break strength in CGN and CGChN samples due to the properties of glycerol as the plasticizer to make the rigidity of the material decreases, The mechanical properties of cellulose can be explained by the intensity of the functional groups contained in each cellulose. The cellulose has many OH groups, can increase flexible groups, so the elasticity of the polymer increases. The addition of chitosan in the CGChN decreases the value of strength at break and elongation, this may be due to the decreasing of the intermolecular bonding distance (Li et al., 2015) 14 thereby reducing the mobility of CGChN molecules. The decreasing strength at break in CGChN could be caused by crystallinity in composite by the addition of amorphous chitosan. 5 The addition of glycerol and chitosan to the CGChN composite decreases the elongation at break, this may be due to the intermolecular bonding of cellulose. The addition of glycerol and chitosan can increase the amount of hydrogen bonding in CGChNs so that molecular mobility of those decreases. In addition, the amorphous chitosan and the presence of hydrogen bonds between the -OH group of glycerol and the -NH 2 group of chitosan with the -OH group of cellulose and the intramolecular bond between the chitosan molecules 14 caused decreasing the value of elongation at break of the CGChN composite.
Antibacterial activity of cellulose and its composites
Analysis of antimicrobial activity from CN, CGN, and CGChN samples against test microbes Table 4 . The results showed that all samples of composites by addition silver nanoparticles have an antimicrobial effect.
larger. Fig. 3 shows the interaction between cellulose and glycerol. The composite of cellulose -glycerol has free -OH more to bind to the silver nanoparticles so that the activity against bacteria is higher. The increase of flexible groups in composite causes silver nanoparticles to bind more easily. In addition, glycerol has antibacterial properties. 17, 18, 19 The CGChN samples show the highest diameter of the zones against S. aureus compared to other composites and the CGN samples show the highest clear zone against E. coli and C. albicans compared to other composite samples. This means that the CGChN sample has an antibacterial activity or the ability to inhibit S. aureus better than the CN and CGN. This is probably due to the presence of bonds between the silver nanoparticles and the -OH group of glycerol and the bonds between the silver nanoparticles and the -NH 2 groups of chitosan. The CGChN contains more -OH and -NH 2 groups than CN and CGN samples. The antibacterial properties become larger by the increasing number of interactions that occur between the silver nanoparticles with those clusters and the presence of free -OH groups as well as -NH which can interact with the microbial cell wall components.
The interaction between cellulose with glycerol and chitosan is presented in Fig. 2 . In addition, the antibacterial activity of CGChN can be caused by the ability of chitosan as a bactericidal agent in killing bacteria 15, 16, 17 .
The CGN sample shows the highest antibacterial activity against E.coli and C. albicans compared to other composite samples. The addition of glycerol to cellulose increases the number of oxygen atoms that have free electron pairs so that the interaction with the silver nanoparticles becomes Cellulose has fewer OH groups than the other samples. This is due to the regular (crystalline) cellulose structures that make it difficult for the silver nanoparticles to bind to functional group of the cellulose, while the addition of chitosan results in the more amorphous nature of cellulose because of its decreased crystallinity value. 5 This facilitates the electrostatic interaction of the silver nanoparticles attacking the functional groups in cellulose. There is a difference in inhibitory zone diameter of all cellulose samples on the growth of Staphylococcus aureus. All cellulose samples coated silver nanoparticles show higher antibacterial activity than silver nanoparticles, except CGChN samples in 6 to 18 h of incubation. The CGChN samples show the highest antibacterial activity compared to other samples at incubation for 24 hours. This can be explained because in 24 h incubation, there is an interaction between silver nanoparticles with chitosan which can increase antibacterial activity 12 also because chitosan shows bactericidal properties. 16 In accordance with the previous results 14 that modification of silver nanoparticles with chitosan/Ag/ ZnO can improve the ability of Ag nanoparticles as inhibiting bacterial activity. The inhibition mechanism of chitosan against Staphylococcus aureus is due to the positive charge of chitosan derived from an ionic-bound amine (NH 3 + ) group that is reactive to the surface of the bacterial cell membrane, this will cause the entire surface of the S. aureus cell membrane to be coated by chitosan, so that S. aureus can not contact with the outer environment of the cell. Furthermore, ionic bonds formed between chitosan and S. aureus cell membrane will disrupt the permeability of membranes and chitosan able to penetrate the membrane of S. aureus cells. Chitosan is brought into the intercellular space of S. aureus and binds to DNA of S. aureus because of its strong affinity with DNA of S. aureus, then interferes with mRNA and protein synthesis. Then there will be disruption of cell function, followed by leakage of cell protein because chitosan meet the intercellular space then cell protein depressed to intercellular space, followed by lysis of S. aureus and then S. aureus death. 21 The ability of antimicrobial of each sample against S. aureus has difference and the CGN compocite has a larger inhibitory compared with other cellulose. This can be explained because the silver nanoparticles from CGN can interact with Staphylococcus aureus through the bacterial cell wall. This interaction causes the changing of permeability of the Staphylococcus aureus cell wall. The permeability of the Staphylococcus aureus cell wall to be disrupted. During the diffusion process, the silver nanoparticles move closer to the bacterial cell membrane and penetrate into the bacteria 22 . Bacteria membranes contain proteins with sulfur compounds as their main component. 23 The interaction involves the interaction of nanoparticle with biological macromolecules, by releasing heavy metal ions that react with thiol (-SH) groups on surface proteins. Monovalent silver ions (Ag . shows the greatest antibacterial activity in inhibiting the growth of Candida albicans is CGN sample followed by CGChN and CN. The emergence of the highest inhibition zones at the 6th hour of each sample can be due to the 6th hour is an effective time for silver nanoparticles in inhibiting Candida albicans. Inhibitory zones begin to appear at the beginning of the first 6 h to the end of the 48 hours. This is because the ability of silver nanoparticles interferes with the integrity of Candida albicans cell plasma membranes. There were several intracellular components released during disruption of the plasma membrane by silver nanoparticles, so membrane permeability was impaired and lead to leakage of ions and other materials, thus possibly causing Candida albicans lysis and it death. 17 The effect of silver nanoparticles on bacteria varied with the concentration of silver nanoparticles and the time of exposure.
14 DNA of Candida albicans becomes thick after exposure for 6 h and after 12 h of exposure, cellular content releases due to cell wall damages. It is seen that at the 12 h the average of the inhibition zone diameter of CN, CGN, CGChN, and silver nanoparticles decreases.
The antibacterial activity of cellulose and composite in inhibiting the growth of S. aureus and Candida albicans tends to increase again at 24 h and down again at the 30th hours. The antibacterial activity of cellulose and its composites against the growth of S. aureus and C. albicans microbes in incubation for 30 h shows a decrease in the diameter of the inhibition zone and the presence of spots of S. aureus and C. albicans around the test sample. Thus incubation longer than 48 h will not significantly effect the reduction of antibacterial activity. Cellulose and its composites are able to act as bactericidal rather than bacteriostatic. The bactericidal is the ability of a compound to kill bacteria and bacteria will not have the ability to regenerate even if the compound is removed.
The inhibition of cellulose and its composites against S. aureus showed no significant difference with significance (P> 0.005), indicating that cellulose (CN, CGN, and CGChN) did not have different capabilities in inhibiting S. aureus, whereas cellulose and its composites against Candida albicans showed significantly different results (P <0.005), proving that each sample (CN, CGN, and CGChN) has the ability to inhibit Candida albicans significantly. Staphylococcus aureus is a pathogenical bacteria, having a single plasma membrane surrounded by a thick cell wall of peptidoglycan. About 90% of the cell wall is composed of peptidoglycan while the rest is a teicoic acid molecule. On the other hand, Candida albicans has a complex cell wall structure with a thickness of 100 to 400 nm. The primary composition consists of glucan, mannan, and chitin. Thus, cellulose and its composites are more susceptible to diffusion in Candida albicans because they are largely composed of chemical compounds. The mechanism of interaction between chitosan and yeast shows that chitosan can withstand yeast growth by the destruction of biological membranes. The antimicrobial mechanism of chitosan through the interaction between the positive charge of the NH 3 + group of the glucosamine unit on chitosan and the negative charge on the yeast cell membrane resulting in electrostatic interaction. A change of permeability in the yeast membrane wall can decrease internal osmotic balance to inhibit yeast growth and peptidoglycan hydrolysis of the yeast wall resulted in the loss of intracellular electrolytes, proteins, nucleic acids, and glucose in yeast. 16, 24 
CONCLUSION
Cellulose from coconut water was successfully modified by the addition of glycerol, chitosan, and silver nanoparticles. The addition of glycerol and chitosan decreased wet mass and wet yield but increased dry mass and dry yield of composites. The addition of glycerol may increase the elongation at break, but decrease the strength at break. The addition of glycerol and chitosan decreases the elongation at break and strength at break of the composite. Cellulose and cellulose composites show antibacterial activity against S.aureus, E. coli, and C. albicans. Composite of cellulose -glycerol -chitosan -silver nanoparticles shows the highest antimicrobial activity in inhibiting S. aureus at 24 h of incubation, whereas the composite of cellulose -glycerol -silver nanoparticles shows the highest antimicrobial activity in inhibiting the growth of E. coli and C. albicans. 
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